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REQUIREMENTS TO BE t1ET BY A REFRIGERANT COMPRESSOR 
FOR DOMESTIC REFRIGERATING AND FREEZING APPLIANCES 
FROM THE POINT OF VIEW OF THE USERS 
Franz A. Herrmann. Manager, Development Area "Refrigerating -
Heating - Air Conditioning" of G. Bauknecht GmbH, Stuttgart, 
Germany 
SUMMARY 
In Europe (without Eastern Bloc states) abt. 
16.000.000 compressors are mounted per year in re-
frigerating and freezing appliances. pwing to the 
high market saturation in all countries (abt. 95 to 
98% in the case of refrigerators) the sales figures 
will remain constant during the next few years. The 
aggravated situation in the energy field and the 
changing consumer habits result in the fact that 
the designers of refrigerating and freezing appli-
ances expect other requirements to be met by the 
compressors than it has been the case still some 
years ago. 
The following criteria are given particular con-
sideration in the judgment of compressor appli-
cations: 
- energy input 




In the following the changed situation will be 
entered into, and the criteria of judgment will be 
examined more in detail. 
GENERAL 
The market in Western Europe for domestic-appliance 
compressors is constant since many years. 
Compressors for domestic refrigerating and freezing 
appliances sold in Europe (estimate in million 
pieces): 
refrig. freez. total 
appl. appl. 
1973 11.2 3.5 14.7 
1974 10.8 4.5 15.3 
1975 10.3 4.5 14.8 
1976 10.4 4.8 15.2 
1977 10.6 5.0 15.6 
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It is estimated by experts that the total market 
in Europe will not change substantially with re-
spect to the quantities during the years until 
1985. One of the causes thereof is the high market 
saturation for refrigerators in nearly all coun-
tries. In the case of freezing appliances in-
creases are still possible, but certainly not to 
the degree of saturation obtained in the case of 
refrigerators. The consumer habits play a decisive 
role here (South European countries), and they 
will not change at short term. 
Existing appliances and market saturation in Euro-
pean countries, 1978 (quantities stated in thou-
sand pieces): 
Austria 2340 90% 1530 58% 
Belgium/Luxemb. 2770 91% 1005 33% 
Denmark 2500 115% 1403 65% 
Finland 1574 96% 869 53% 
France 17298 93% 4464 24% 
Germany 23682 98% 11358 47% 
Great Britain 16660 85% 7448 38% 
Greece 2590 95% 6 0 
Iceland 52 100% 21 40% 
Ireland 750 75% 120 12% 
Italy 15550 95% 1555 10% 
Netherlands 4300 108% 2640 66% 
Norway 1200 92% 1040 80% 
Portuga 1 1125 75% 75 5% 
Sweden 3000 95% 2350 77% 
Switzerland 2128 95% 896 40% 
Spain 9150 75% 610 5% 
Whereas, as mentioned before, the quantities will 
not change substantially, a clear change can, how-
ever, be observed in the kind of the appliances 
which will affect the requirements to be met by 
the compressors: 
In some European countries there is a clear shift 
of the individual types of appliances in favor of 
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Upright 23 '!. 
23 '/, 1.062 Mia. 
1.089 Mia. 
Upright 15 ~. 0.701 Mro. 
Tuble 
Table 35 '/. 
1.395 ~!c. Z1'/, 
0.975 Mia. 
FREEZERS 
Built-in 6 ~. 0JZ3 Mia. 









Chest 1.000.6 Mia. 
27 '/, 
0.595 Mia. 
If we are looking at the compressor market in 
Europe under the point of view of the sales fig-
ures, a total volume of abt. 
16x106 X $ 35.-- = 560 X 106 $ 
results, basing upon an average price of abt. 
OM 70.-- (= $ 35.--) per compressor (situation of 
summer 1980). 
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ENERGY INPUT I ENERGY SITUATION 
Ener~y-Economic Importance Of Refrigerating And 
Freezing Appliances 
Although the share (expressed as percentage) of the 
domestic refrigerating appliances in the total en-
ergy consumption appears to be comparatively low, 
its absolute amount is not negligible (example: 
Federal Republic of Germany): 
ENERGY SITUATION IN WEST GERMANY (1978! 
final energy requirements 
7306 PJ 100 ?Ia 249,4 mill. t. SKE 
out of this for households 
1972 PJ 27% 67,3 mill. t. SKE 
final energy requirements in 
West Germany divided in percentage: 
heating 
hot water 
household appliances, light 
household appliances, 















~ 0; 1 % 
0,5 % 
=::; 1,5 % 
~ 1!10 % 
1,3 % 
Assuming an average consumption of electric current 
of 
225 kWh/year (0.62 kWh/24h) for refrigerators 
400 kWh/year (1.1 kWh/24h) for freezers, 
a yearly current consumption in 1978 for the Fed-
eral Republic of Germany alone of 
5.359 GWh for refrigerating appliances 
4.560 GWh for freezing appliances 
9.919 GWh of total consumption 
will result from the existing refrigerating appli-
ances in 1978 of 23.682.000 and the existing 
freezing appliances in 1978 of 11358.000. 
These figures underline the importance of the re-
frigerating and freezing appliances in the home for 
the energy balance, although it is known that they 
have, compared with other domestic electric appli-
ances, much lower connected loads. In this con-
nection the fact is to be considered that refrig-
erators and freezers are the only electric units 
in the home which are practically in operation day 
after day throughout the whole year. 
1,Z 
1,1 
Development of Specific 
refrigerating capacity 
Assuming an average price for the electric current tO 
in Germany (household tariff) of 0.127 DM/kWh, an 
amount of abt. 1. 259 b·i 11 ion DM waul d have been 
spent in 1978 for the operation of refrigerating Q9 
and freezing appliances. 
Historical View I Development During The Last Years 
For a number of years a 1 ready the refrigerating 
appliances industry has been endeavouring to re-
duce the energy consumption. The fo 11 owing diagram 
shows the improvements obtained during the last 
years. 
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These improvements have been attained by 
- improving the insulation 
- avoiding neat bridges 
-optimizing the components 
-reducing/eliminating the defrosting 
heating systems 
- etc., 
but decisively also through the improvement of the 





~ ~ ~ n m ~ n ~ 
These values refer to n compressor with 150 W refrigerating capadty. 
Test conditions 
Evaporating temperature - Z5 •c 
Condensing temperature 55 •c 
L1quid subcooled JZ •c 
Gas superheated JZ •c 
Ambi2nt temperature 32 •c 
It may be supposed that with the values attained 
in 1980 the definitive values have been reached, 
and that no further substantial improvements of 
the present compressor designs are to be expected. 
It remains to be seen which possibilities are 
attainable for example by means of other designs. 
The following diagram shows a comparison of im-







Survey of tho compressors offered on the 
European ma.rket. 
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Capacity Graduations 
The compressors offered at present on the European 
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EVAPDRAIING 1EMPER.1.1URE -11.1 •c 
CONDENSING TEMPERATURE 55 •c 
liDUID SUBCOOLEO TO 32 •c 
GAS SUPER~EATED W 3l •c 
AMIIENT TEMPERATURE ll •c 
All COMPRESSORs ARE FOR ZZDI240V.50 'Is 
Di$lributlon ol the compressor production oYer the 
Individual capacity ci<ISsts on the European market 
The preceding table shows that the 90-Watt compres-
sor has the most important share of the production. 
Assuming the fact that the insulation values of the 
appliances will be substantially improved during 
the next few years (greater thickness of the insu-
lation). the smaller compressors will become more 
important. There are limits, however, to the rein-
forcement of the insulation (example chest freezers 




height 88 em 
width 120 em 






From the above picture it can be derived that 
reasonably an "optimum insulation thickness" is 
chosen which results in an absolute reduction of 
the energy input of abt. 30 %. This again means 
a reduction of the refrigeration effect required 
by abt. 20 %. 
A further trend towards the smaller compressors is 
given by the fact that the so-called combinations 
(refrigerator with big freezing compartment) are 
frequently equipped with two compressors. By this 
a better control for the two compartments is ob-
tained, as well as the possibility for the client 
in the case of an empty compartment to put e.g. 
the freezing compartment out of operation. If one 
succeeds in manufacturing low-cost and reliable 
reverse valves, this could lead to the use of 
larger compressors of which only one would be 
used, however, per appliance. 
Influence Of The Product Information 
The introduction of the product information in 
Europe as well as the introduction of the energy 
information have caused for a fairly long time al-
ready a better energy-mindedness of the consumer. 
As the purchasing behavior is influenced by this, 
the industry has adapted itself to it. The follow-
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The increasing importance of the consumer organi-
zations and the introduction of easily understand-
able product informations will have the effect, 
now as in future, that the appliances are opti-
mized under the point of view of the energy con-
sumption. This again means that "energy conserving" 
compressors are demanded by the appliance industry. 
Adaptation Of The Compressors To The Refrigerating 
Systems 
The compressors used at present fo~ refrigerating 
and freezing appliances can be used for different 
evaporator temperatures. Whereas in the case of 
freezers the evaporator temperature mostly remains 
below -18° C (if the appliance is in operation 
after the first switching-in), this temperature 
necessarily shifts into the above-zero region in 
the case of automatically defrosting evaporator 
systems . 









Compressor- working ronge 
al Refrigerator !operated with energy input ace. to ISOIR 624 l 
b) Freezer I operated with energy input ace. to ISO/DIS 5155 l 
In this connection the question must be put if the 
development of a compressor specially optimized for 
freezing appliances with low evaporator tempera-
tures appears reasonable under the energy point of 
view. It should be noted that freezing appliances 
are occasionally used for freezing in, and that 
thereby higher (warmer) evaporator temperatures 
occur. 
Since more and more homes are provided with freez-
ers, the trend towards the "all-refrigerating" 
appliance without frozen-food compartment arises. 
For these appliances compressors for warmer evapo-
rator temperatures would be more suitable. A close 
co-operation between the appliance designer and 
the compressor manufacturer seems necessary. 
NOISE DEVELOPMENT 
The increasing emphasis of environment protection 
results in particular requirements to be met by 
domestic appliances, too. Due to the fact that re-
frigerating and freezing appliances are practical-
ly in operation day and night, the noise factor 
deserves particular attention. 
Developments of the compressors during the last 















Development of noises 
with hermetic: compressors 
Demand of 
industrie 
I I .. i7 78 79 198D period !J l 
LwA ;;;: Sound level. measured a~c- to DIN 45 635 part 1 and part 19 
For the following years the target values stated 
below are indicated; at least these ~re the demands 
of the appliance designers: 
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Compressor Average value Actuate ascilla-
Power. dcsse [iii A-Sound le- tion !see poro_ 















1.00 200 33 
the odmissinle Standard Deviation is : Smax.= 15 dB (A) 
The increasing number of eat-in kitchens (particu-
larly in Western Germany) and 1n connection there-
with the augmenting diffusion of built-in appli-
ances underline the requirement of ''silent" com-
pressors. In addition to the requirement of vibra-
tion-free running, quick "running up to speed" of 
the motor from standstill to rated speed is neces-
sary above all in order to pass quickly through 
the critical speed ranges. 
Frequently there are objections from users who 
complain about "clattering" at the time of switch-
ing in of the unit, but also during switching off. 
Although something can be done at the appliance 
itself (secondary measures) in order to reduce 
noise transmission or to avoid it at all (e.g. by 
"free-swinging" supporting of the compressor), ex-
perience shows that more and more problems occur 
particularly with built-in models.· Gne of the rea-
sons thereof is the fact that the fitters mounting 
the built-in models ;nto the kitchen furniture 
frequently disregard the mounting instructions. 
To this must be added that wooden furniture bodies act as "soundboard", i.e. noise-amplifying. 
DIMENSIONS 
In Europe, refrigerating and freezing appliances are purchased and paid "according to the capacity". 
As certain standard dimensions have turned up for the outside measures (there are official standard dimensions for the built-in models), every manu-
facturer of refrigerators and freezers endeavours 
to obtain as much capacity as possible for the same outside volume. This again results in the demand of compressors "as sma 11 as pass ib 1 e" in order to keep the machine space as small as possible. Moreover 
considerable difficulties arise in the case of com-
bination appliances for space reasons by the mount-
ing of two compressors in one appliance. 
In the case of automatically defrosting refrigera-
tors, the resulting deft'OSt water is usually va-
porized by the compressor heat. For this purpose 
mostly a plastic-moulded piece adapted to the de-
sign of the compressor is put on the compressor as 
a tray. This requires equally space. A vaporization 
tray in good thermal conduction connection with the 
compressor, and possibly integrated into the com-
pressor, would be advantageous here. Of course the 
question of corrosion must be considered. 
Additional dimension problems arise above all for 
appliance manufacturers using compressors of dif-
ferent manufacture. As both the external dimen-
sions and the flange measures, the position of the 
connection sockets, the position of the connection 
box etc. differ from one another, the "standard 
dimensions" are a demand brought forward by them 
more and more intensely. 
SERVICE LIFE OF SMALL-TYPE COMPRESSORS/QUALITY 
For ascertaining the quality of compressors, two 
judgment criteria are to be distinguished: 
- immediate failures 
-failures after the appliances have been put 
into operation by the consumer. 
Immediate failures are called all defective com-
pressors which are found during the assembly of 
the refrigerating and freezing appliances. Expe-
rience of the last years shows that clear improve-
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The picture shows that the 3 products of different 
make have nearly attained the same failure behavior 
( 0.1 %), although some years ago clear differ-
ences have been existing. 
The field behavior has equally become substantially 
better during the last few years. Since reporting 
of the defects by the customers or the aftersales 
service organization is very problematic, unfortu-
nately no exact, reliable values can be stated 
here. Generally it can be said that the average 
service life of a compressor is in the order of 
abt. 12 to 15 years. The market volume of Europe 
is in the order of abt. 10 % of the existing quan-
tity of appliances, the market saturation being 
nearly 100 %. This means an appliance turnover 
time of theoretically 10 years, which will, how-
ever, rather be in the neighborhood of 8 years 
within the next few years. 
PRICES I COSTS 
The high market saturation in Europe and the great 
production capacities result in a hard displacement 
competition for refrigerating and freezing appli-
ances. This is reflected in the obtainable prices. 
The appliances coming to an ever increasing degree 
from the Eastern Bloc states are offered at ex-
tremely low prices and cause an aggravation of the 
competitive situation. The appliance manufacturers 
are compelled thereby to make supreme efforts and 
to take cost-reducing measures (value analysis, 
rationalization, etc.). 
The costs of the compressor having a considerable 
share in the total costs of the appliance, these 
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The following picture shows the development of 
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The development in time of the manufacturinq costs 
of the refrigerating and freezing appliances is 
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AN OUTLOOK TO THE DOMESTIC APPLIANCES TECHNICS OF THE EIGHTIES -
CONSEQUENCES FOR THE COMPRESSOR DESIGNS 
As already repeatedly mentioned, the changing pur-chaser behavior, partly caused by new housing 
habits (refrigerating in the living area, refrig-erator in the living room/sleeping room) results 
in new requirements to be met by the compressors. 
Moreover the rising energy costs and the hard com-
petition lead to more rigorous requirements. 
As a whole the following requirements to be met by 
the compressors of the eighties can be formulated: 
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- reduction of the exterior dimensions, 
- reduction of the energy input (increase 
of the efficiency), 
- reduction of the noise values 
- adaptation of the refrigerating capacity 
graduations to the realities, 
- "optimum" capacity prices. 
Since finally an "optimum" refrigerating and 
freezing appliance is the aim of all endeavours, 
a close co-operation of the designers of the com-
pressors with the designers of the appliances is 
automatically necessary. 
